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Training as specified in Training section of this Activity Plan. Control." This plan is written for Activity E-20-47, "Thermogravimetric Analysis
Studies," which is part of the Scientific Investigation Plan (SIP) "'Metal Barrier Selection and Testing" (SIP-CM-01, WBS #l-2.2.5.1).
Activity Identity
This activity is entitled "Thermogravimetric Analysis Studies" and has been assigned the activity number E-20-47 and is part of the Short Term Abiotic
Laboratory Corrosion Testing described in the SIP "Metal Barrier Selection and
Testing." This activity will be QA graded in accordance with procedure 033-YMP-QP 2.8, "Quality Assurance Grading," and it is expected that it will be graded as non-quality affecting.
Responsibilities
Key personnel responsible for performing the work in this activity are: Yucca Mountain, Nevada will be exposed to environmental conditions of temperatures below 100°C with a range of possible relative humidities. Under high relative humidities, the formation of thin water films on the metal surfaces will occur. Previous work at ambient conditions has shown that on susceptible metals, the water-film-covered metal has an enhanced corrosion rate relative to the dry oxidation of the metal. The transition relative humidity where oxidation changes from "dry oxidation" to "aqueous electrochemical corrosion" is called the "critical relative humidity". Determination of this transition is important in estimating the performance of the candidate materials (especially corrosion allowance mater&), because of the marked increase in degradation rate above the critical relative humidity, typically 10 -lo2 times
This activity is concerned with short term measurements of corrosion and oxidation rates using a high sensitivity microbalance. The experimental work will determine the critical humidity level for candidate metals under a variety of conditions. From the literature, the critical humidity level typically are around 70% relative humidity, but this level is affected by the metal, gas composition, temperature, and the presence of contaminants on the surface, particularly contaminants that are deliquescent. A series of experiments will bracket a range of humidity, temperature, metal alloy, and surface condition.
The results of this study will be used to assist: 
ACTIVITY DESCRIPTION
This activity will investigate the effect of water vapor content (relative humidity) of air on the oxidation / corrosion of candidate waste package metals. In addition to relative humidity, other factors, such as surface impurities (hygroscopic species), gas composition, temperature, and surface condition, influence metal corrosion/oxidation rates. These other parameters will also be investigated. In particular, the critical humidity as function of the test parameters will be obtained. In addition, kinetic and mechanistic information on the "dry oxidation" and "aqueous electrochemical corrosion" processes will be obtained.
The focus of this activity will be on the environmental conditions where aqueous electrochemical corrosion can occur, that is, at temperatures below 100°C and at high relative humidities. The practical lower temperature limit is 35-40°C (temperature control bath lower limit) and upper relative humidity is about 90-95%, since water condensation in the test vessel becomes a problem at very high relative humidities. All tests will be performed at atmospheric pressure.
This activity will use a modified CAHN TG-131 thermogravimetric analyzer (TGA) to measure specimen weight changes due to humidified air (0 to 95% relative humidity)
interactions with the metallic test specimens. The CAHN TGA has been modified in order to achieve stable temperatures in the test vessel reaction zone and small temperature differences across the reaction zone. In addition, a water vapor delivery system has been added to supply the test vessel with controlled relative humidity air. (See Section 3.3 "Equipment" for further details.)
This activity will also use surface analytical techniques to investigate the surface composition and structure of the oxidized metal in order to investigate variations due to different test conditions. The surface analytical techniques will reveal complementary information on the mechanisms of oxidation and also on stability of the oxide structure.
Techniques that may be employed include x-ray diffraction, microprobe analysis, Auger electron spectroscopy, x-ray photoelectron spectroscopy, infrared spectroscopy, and electron microscopy.
Some simple surface wetting tests will also be employed to characterize the oxide layers formed. In brief, porous and cracked oxide layers are wetted quite readily by water, while, in contrast, a continuous and dense oxide layers are not wetted significantly by water. The extent of the wetting can be quantified by relative easy surface tension measurements. The corrosion allowance materials are low alloy and carbon steels: 1020 carbon steel, cast steel, and 2.25%Cr-l%Mo steel. (See Section 3.4 "Materials" for further details.)
The initial focus of this activity will be on the corrosion allowance and intermediate corrosion resistant materials. These are the materials that are expected to be the most susceptible to the thin film aqueous electrochemical corrosion.
Two types of tests are initially planned. The first type of testing will determine critical relative humidity. The specimen will initially be held at an elevated temperature, and the reactant gas with a fixed vapor pressure of water will then be introduced to the test vessel.
The specimen temperature will then be lowered at a fixed schedule. The weight change of the specimen as a function of temperature will indicate the temperature at which water films form on the specimen. The relative humidity will be measured simultaneously. Several tests will be run with various amounts of water vapor in the reactant air. From these tests, a map of the metal susceptibility to aqueous electrochemical corrosion as a function of temperature and relative humidity will be obtained. In other words the critical relative humidity as a function of temperature will be obtained for a specific set of test conditions.
Metal susceptibility to thin film aqueous corrosion will also be investigated as a function of other parameters, such as surface condition and surface impurities. Maps of metal susceptibility to aqueous electrochemical corrosion as a function of temperature and relative humidity will then be obtained for these other parameters. All the materials tested and the test conditions will be detailed in the scientific notebook.
In the second type of test, the metal specimen is held at fixed test parameters (temperature and relative humidity) for the duration of the test. The specimen's weight gain is recorded as a function of time, and after testing, the oxide layer of the specimen is characterized for structure and composition. From these tests information on the kinetics and mechanisms of the oxidation / corrosion reaction under fixed conditions will be obtained. The surface structural and compositional analysis will give indications of the "protectiveness" of the oxide layer formed.
Technical and Readiness Reviews
Because this activity is not quality affecting, neither Technical nor Readiness
Reviews are planned to be performed; however, the following procedures will be complied with:
1. Measurement and test equipment (M&TE) are properly calibrated as specified in Procedure 033-YMP-QP-12.0, "Control of Measuring & Test Equipment".
2.
Test specimens will be procured as specified in Procedure 033-YMP-QP-4.0, "Procurement Document Control", and controlled as specified in Procedure 033-YMP-QP-8.0, "Identification and Control of Items, Samples, and Data".
3.
Collected data will be controlled as specified in Procedure 033-YMP-QP-8.0, "Identification and Control of Items, Samples, and Data".
4.
Scientific notebooks will be maintained as specified in Procedure 033-YMP-QP-3.4, "Scientific Notebooks".
Hold points
The operation of the test facility will be monitored on a continuous basis by the Principal Investigator to insure that the work is proceeding according to plan. If significant unanticipated problems arise, the Principal Investigator will inform the Task Leader. A joint decision will be made about the future course of action.
The progress of the test will be reported to the Task Leader in monthly reports. If changes in project scope require that experimental work change direction, it is the responsibility of the Task Leader to communicate this to the Principal Investigator in writing.
In addition to the monthly progress reports, a yearly review of the progress of the activity is planned to ensure that the activity is proceeding according to the pian, that Scientific Notebooks are being used in accordance with Procedure 033-YMP-QP 3.4, "Scientific Notebooks," and that the activity records are properly maintained.
Equipment
The equipment used to perform the thermogravimetric analysis studies include: Vapor Delivery System; MKS Model 25B
A schematic of the thermogravimetric analysis apparatus and support hardware is shown in Fig. 1 . The test specimen is located in the inner chamber and is surrounded by glass cylinder. The reactant air enters at the top of the inner chamber, travels down between the heated outer chamber and the glass cylinder. At the bottom of the inner chamber, the reactant gas then flows up past the test specimen, and finally the reactant gas exits out the top of the inner chamber. The reactant gas is heated before entering the test vessel, and its temperature is further controlled by its thermal contact with the heated outer chamber. Using this arrangement, the center line temperature of the test specimen is controlled to within Z!I 0.5"C, and the temperature variation from top-to-bottom of a test specimen is less than 1 "C .
This reaction vessel configuration gives much better temperature control than that which was given by the original equipment supplied with the TGA. In the original TGA apparatus configuration, a single cylinder reaction vessel was heated by a resistance furnace. The test specimen center line temperature control was I!I 2°C and temperature variation from top-to-bottom of a 5 cm test specimen was 15 to 20°C.
The test vessel also has an entry port in the bottom for a combined relative humidity / temperature sensor. The output from this sensor is collected by the Fluke Data
Bucket as a function of time.
The data from the Fluke Data Bucket and the TGA control software are combined and stored in a spreadsheet program (e.g., Microsoft Excel or equivalent) for analysis and plotting.
At present, the air that is introduced into the test vessel is humidified with water by flowing air through a reservoir of water held at an elevated temperature. The unit is adequate for humidified air at temperatures up to 60°C. Above that temperature the amount of water taken up by the air is inadequate to obtain high relative humidities in the test vessel. An alternate means of obtaining the high relative humidities is being implemented.
The alternate vapor delivery system, which consists of a metering pump, a vaporizer, and an electronic control unit, will be used to deliver precise amounts of water vapor to the test vessel in order to achieve high relative humidities at elevated temperatures. Briefly, the metering pump delivers very small and well defined amount of water to the vaporizer, where the water is vaporized and mixed with a carrier gas (air) and transported to the test vessel. For practical purposes, the flow of water from the metering pump is constant, and assuming a constant air flow is maintained, a stable relative humidity is obtained.
A reference specimen made of platinum and of similar geometry is placed in the tare vessel, and is subject to the same changes to environmental conditions. This minimizes changes to weight measurements that may be due to changes in air density in the reaction vessel. No measurement of humidity or temperature is taken in the tare vessel.
Materials
The candidate materials to be tested in this activity will primarily be those that are expected to be susceptible to enhance corrosion in high humidity air. These candidate materials are the low-alloy and carbon steels, and copper-nickel alloys.
Some of the more corrosion resistant nickel-base and titanium-base candidate materials will also be tested. However, these materials are not expected to be susceptible to enhanced corrosion in high humidity air, and therefore, only limited testing is expected. The candidate materials are listed in the next paragraph.
All the materials to be tested in this activity are commercially available metal alloys.
For the Metal Barrier Selection and Testing Task purposes, these materials have been classified in three groups based on their corrosion properties: "corrosion resistant", "intermediate corrosion resistant", and "corrosion allowance". The "corrosion resistant" materials are the high nickel alloys, Alloys C-22, C-4, G-3, and 825, and the dilute titanium alloys, Ti-Grades 12 and 16. The "intermediate corrosion resistant" materials are Monel400 and Cu-30%Ni. The "corrosion allowance" materials are low alloy and carbon steels: 1020 carbon steel, cast steel, and 2.25%Cr-1 %Mo steel. Table 1 contains \he common names of the alloys, their
Unified Numbering System identification number, and typical compositions.
The materials to be tested in this activity are structural materials that have been commercially used for at least 10 years, except for the newly developed Ti-Grade 16. However, Ti-Grade 16 is a dilute titanium alloy (0.05 wt.% Pd) and is expected to have corrosion properties similar to the higher Pd content Ti-Grade 7 (0.2 wt.% Pd) under most conditions, but at much less cost. Mechanical properties of Ti-Grade 16 are expected to be similar to commercial purity titanium (Ti-Grade 2).
Test specimens will be purchased commercial grade. The scientific notebook will contain the information on each metal alloy heat number, composition, and metallurgical condition. Otherwise the scientific notebook will reference the location of such information.
Special Environmental Conditions
The tests will be performed in purified air and in purified air with controlled amounts of CO2. Relative humidities will be controlled from 0 to 95%. All testing will be performed at near atmospheric pressure. Characterization Project will be allowed to participate in this activity.
Quality Assurance Program
The activity will comply with all procedures prescribed in the QA Grading performed in accordance with procedure 033-YMP-QP 2.8, "Quality Assurance
Grading." The activity will be monitored for compliance through surveillances.
Activity Closeout
The final product of this activity will be a LLNL UCID report documenting all results. Supporting documentation such as scientific notebooks and technical review comments will be retained by the responsible individual until the document package is transferred to the LLNL/YMP Local Records Center at the conclusion of the activity. QA records will be transmitted as described in Procedure 033-YMP-QP 17.0, "Quality Assurance Records."
PRECISION AND ACCURACY
There are two categories of measurement and analysis for this activity: the test parameters and the post-test analysis. During testing the parameters, specimen weight change, relative humidity, temperature, time, and air flow rates need to be controlled and/or monitored.
The TGA apparatus measures weight changes to within 20 pgrams. Temperature will be measured to within + 0.5"C. Relative humidity will be measured to with f 5%. TIPS that describe the calibration procedures for the monitoring devices are listed in "Technical Implementing Procedures" (Section 8.0).
Post-test analysis test specimen will include a characterization of the surface oxidation layer. Analysis devices could include, but are not limited to x-ray diffraction, Auger electron spectroscopy, microprobe analysis, electron microscopy, infrared spectroscopy, and x-ray photoelectron spectroscopy.
Calibration Requirements
Calibration of the TGA apparatus and associated hardware will be performed by the users according to the TIPS specified in "Technical Implementing Procedures"
(Section 8.0). These calibrations will be documented in the scientific notebook.
The surface analytical work will be performed by personnel who will be indoctrinated to the Yucca Mountain Project. Calibrations for the analytical equipment will be documented in the scientific notebook.
Conditions which may adversely affect results
Conditions which may adversely affect the test results are uncontrolled fluctuations in humidity, temperature, and specimen weight. Equipment modifications to the commercial TGA apparatus to control these fluctuation are described in "Equipment" (Section 3.3).
Sources of uncertainty and error to be controlled and measured
Any test measurement from a single specimen of a specific ahoy may give anomalous results, therefore multiple specimens of a specified ahoy will be used to ensure consistency.
Standards
The standards to be followed or used for guidance are listed below. The data from the Data Bucket is transferred to the PC and combined with the weight change data into a single data file in an appropriate spreadsheet. The filename of the data is entered in the scientific notebook and referenced to the test run number.
Data recording, reduction, and analysis will be done through the use of scientific notebooks, data record sheets, and working spreadsheets.
Analysis
Analysis of the data will include evaluation of the critical relative humidity as a function of metal alloy, temperature, gas composition, and surface condition.
Where appropriate kinetic and mechanistic analysis of test data will be performed.
Analysis will be recorded in the scientific no&book.
INTERFACES
The information obtained in this activity will assist activities in the following technical After initiation of the experimental work of this activity, the monthly progress reports from this activity will be sent to TALs identified with the above SIP and activities. If deemed appropriate, meetings of cognizant PIs to discuss the activity's results will be arranged.
SCHEDULE
The TGA scoping studies and equipment modification of the TGA are expected to be completed by August of FY95. Testing with candidate materials will commence thereafter and is expected to be completed in FY96. Any software that will be used for analysis of the test data will be identified in the activity's Scientific Notebook.
SPECIAL CASES
No subcontractors are involved in this activity.
.O REFERENCES
There are no references.
